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In a group of 596 delivering Ghanaian women, the sensitivities of peripheral blood thick film microscopy,
ICT Malaria P.f/P.v test, and PCR in detecting microscopically confirmed placental Plasmodium falciparum
infection were 42, 80, and 97%, respectively. In addition to the gross underestimation of placental malaria by
peripheral blood film microscopy, submicroscopic infections were found to be a risk factor for maternal anemia.

Placental infection with Plasmodium falciparum, i.e., seques-
tration of parasites in intervillous spaces, contributes to ma-
ternal morbidity, low birth weight, and preterm delivery (4, 7).
Microscopy of peripheral blood films fails to identify a consid-
erable proportion of these infections (3, 5). Therefore, post-
partum microscopy of placental blood films has been used as a
more accurate indicator (3). Yet, for both clinical and epide-
miological reasons, sensitive methods are needed to assess
placental malaria before delivery. Detection of the secretory
malarial antigen histidine-rich protein 2 (HRP2) has recently
been proven useful to diagnose placental P. falciparum infec-
tion in pregnant women (3). So far, the sensitivity of PCR
assays in this regard is unknown. Moreover, the clinical rele-
vance of submicroscopic P. falciparum infections in pregnancy
is not well established (5). One aim of the present study was to
determine the performance of PCR assays in the diagnosis of
placental malaria in comparison to microscopy and to the
detection of HRP2. Therefore, we assessed the prevalence of
P. falciparum in placental and peripheral blood samples from
596 delivering women in Agogo, Ashanti Region, Ghana, by
microscopy, detection of HRP2, and PCR assays. We then set
placental blood parasitemia examined by the three methods as
a reference and determined the sensitivity of each of the cor-
responding diagnostic methods for peripheral blood. In addi-
tion, we looked at the impact of submicroscopic P. falciparum
infections on anemia, chosen as a crude marker of maternal
morbidity. The study protocol was reviewed and approved by
the Committee on Human Research Publication and Ethics,
School of Medical Sciences, University of Science and Tech-
nology, Kumasi, Ghana, and informed consent was obtained
from all participants.

For this study, women delivering at Agogo Hospital between
January and August 2000 were recruited. Venous peripheral
blood was collected into EDTA. Following expulsion and after
a small incision had been made into the maternal surface of the
placenta, blood from the intervillous space was collected with
a syringe containing EDTA. Malaria parasites were counted
microscopically on Giemsa-stained thick blood films per 100

high-power fields for placental samples and per 500 white
blood cells for venous samples. HRP2 was detected by rapid
immunochromatographic ICT Malaria P.f/P.v tests (Becton
Dickinson, Heidelberg, Germany). Details of this assay are
described elsewhere (1, 8). Briefly, 15 �l of blood was added to
the test card pad containing colloidal gold-labeled antibodies.
After addition of a lysis buffer, antigen-antibody complexes
migrate up a test strip and are captured by immobilized anti-
bodies. P. falciparum positivity was recorded if the HRP2 line
and the control line were visibly colored. Nested P. falciparum-
specific PCR assays were performed as described elsewhere
(6). All examinations were blinded. Hemoglobin (Hb) concen-
trations were measured by a HemoCue photometer (Ån-
gelholm, Sweden). Anemia was defined as an Hb level of �11
g/dl (9). Complete parasitological and hematological data were
available for 596 women.

By microscopy, placental blood parasitemia occurred in 32%
of the women. Parasite densities ranged from a mean of 0.01 to
1,600 per high-power field. By the ICT Malaria P.f/P.v test,
placental blood infection was diagnosed in 38% of the women,
and by PCR it was diagnosed in 56% of the women.

Setting microscopically confirmed placental parasitemia as a
reference, the sensitivity of detecting P. falciparum in periph-
eral blood was lowest for microscopy (42%), about twice as
high for the ICT Malaria P.f/P.v test (80%), and close to 100%
for PCR. These differences in sensitivity were similar when the
results of testing placental blood samples by ICT Malaria P.f/
P.v or PCR were used as a reference (Table 1). The sensitiv-
ities of detecting microscopically confirmed placental para-
sitemia in peripheral blood increased with the placental
parasite load for all three diagnostic means (Table 2). Re-
solved infections, i.e., no parasites discernible in placental
blood films but macrophages containing malaria pigment, oc-
curred in 7% (44 of 596) of the women. Of these, peripheral
blood microscopy, ICT Malaria P.f/P.v test, and PCR were
positive in 5, 32, and 57%, respectively.

Hb concentrations ranged between 4.6 and 16.4 g/dl (mean,
11.5 g/dl). We grouped peripheral blood P. falciparum infec-
tions into the following groups: (i) no infection, (ii) detectable
by PCR only, (iii) detectable by ICT Malaria P.f/P.v test but
not by microscopy, and (iv) microscopically confirmed para-
sitemia. Then, we analyzed the impact of these types of infec-
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tion on anemia (Table 3). Anemia occurred significantly more
frequently in women with microscopically confirmed para-
sitemia or in those with a submicroscopic infection but a pos-
itive ICT Malaria P.f/P.v test than in uninfected individuals.
Submicroscopic peripheral blood infection detectable exclu-
sively by PCR was associated with lowered Hb concentrations
but not with anemia per se (Table 3).

Microscopy of peripheral thick blood films fails to detect
more than half of the P. falciparum infections diagnosed by
microscopy of placental blood films. This may be because pe-
ripheral parasitemia is below the threshold of microscopy or
parasites may be sequestered in placental tissue and evade
circulation. Because P. falciparum secretes HRP2, this protein
can be spotted by dipstick tests in blood of women with exclu-
sive placental infection. Similar to findings from Cameroon
(3), the probability of detecting HRP2 in blood correlated with
the placental parasite load. In 181 Cameroonian women, the
sensitivity of diagnosing microscopically confirmed placental
parasitemia using the ICT Malaria P.f test in peripheral blood
samples was 89% (3). The sensitivity of parasite PCR was not
determined in that study.

Identification of placental malaria by peripheral blood PCR
showed the highest sensitivity. This may result from very low
peripheral parasitemia or from remaining DNA of recently
phagocytosed parasites. However, in mice no DNA of Plasmo-
dium chabaudi could be demonstrated two days after injection
of dead parasites (2). Both low-level parasitemia and remnant
DNA may account for the finding that in more than half of the
women with resolved placental infections, i.e., presence of ma-
laria pigment without parasites, peripheral blood PCR was
positive.

Peripheral parasitemia below the threshold of microscopy
constitutes a risk for anemia. PCR assays show the highest
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TABLE 2. Sensitivities of detecting P. falciparum in peripheral
blood according to placental parasite load

Placental
parasite load

(parasites/field)
by microscopya

No. of
positive
samples

Sensitivities
(% [95% CI]) of peripheral blood testsb

Microscopy ICT Malaria
P.f/P.v test

P. falciparum
PCR

�1 108 21 (16–26) 67 (59–74) 95 (90–98)
1–10 49 65 (54–74) 98 (89–100) 98 (88–100)
�10 31 77 (62–89) 100 100

a The mean number of parasites per high-power microscopy field is shown.
b 95% CI, 95% confidence interval.

TABLE 3. Impact on anemia of P. falciparum infections diagnosed
by microscopy, ICT Malaria P.f/P.v test, and PCR

Peripheral blood
P. falciparum

infection group

No. of
samples with

indicated result

%
Anemic

Hb
(mean � SD)

(g/dl)

None 301 25 11.9 � 1.7
PCR positive only 100 30 11.4 � 1.4a

ICT Malaria P.f/P.v
positive, microscopy
negative

105 49a 10.7 � 1.9a

Microscopy positive 90 40a 11.1 � 1.7a

a Significant difference from noninfected women (P � 0.05 by �2 test or
Student’s t test).
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sensitivity in detecting placental parasitemia but the infections
found in addition to those identified by the ICT Malaria P.f/P.v
test seem to have only limited clinical importance as far as
maternal anemia is concerned. The impact of submicroscopic
infections on fetal outcome warrants further examination. One
advantage of rapid immunochromatographic assays is the little
amount of training required when compared to microscopy,
but they are far too expensive for use in the public health
systems of most countries where malaria is endemic. Never-
theless, both these devices and PCR assays may prove useful in
epidemiological studies and for the evaluation of antimalarial
interventions in pregnancy in areas of endemicity.
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